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D'AOUST, BRIAN G. Dissolved C02: determination in small sample All precautions described in the original paper are critical in the
volumes using the Scholander 0.5-cc analyzer. J. Appl. Physiol. 30(l): present application for maximum sensitivity..
142-145. 1971.-A simple procedure is described which utilizes an Figure I shows the analyzer (labeled as in the otiginal report)

unmodified Scholander 0.5-nd analyzer for extraction and analy- with the sample being introduced into the reaction chamber
sis of total dissolved CO2 in small sample volumes and allows (b) with a 10-gtl Hamilton syringe. The Efe of tlse Piccolvte
recovery of the analyzed CO2 for determination of radioactivity. coating is only slightly decreased by this procedure. A length
This permits measurement of specific activity on one sample. of PE-10 catheter tubing can be used to extend the needle tip,
The method is portable, rapid and useful over a concentration if the amount of sample available permits; however, the sample
range of 104. should not be stored exposed to the tubing as considerable C(02

can be lost.
24CO 2 ; C0 2 determination; COl specific activity; CO2 micro- 1) To prepare for sample introduction, the chamber b is

analysis; gasometric analysis; field methods rinsed with acid rinsing solution by raising and lowering I several
times with S-2 in position Ill.

2) The mercury level is tOen accurately adjusted to the top
of the capillary in a using the micronmeter with S-2 in position I.

MICROmET5IODS for determining specific activity of dissolved CO 2  3) The micrometer is then adjusted to read zero (S-2 in position
(1, 3-5, 9), bicarbonate, or carbonate are limited chiefly by the II).
convenience and sensitivity of the total CO2 determination, 41 With S-2 in position 1, 200 micrometer divisions (four turns

whereas 10-5 ruc of I"C is easily measured by liquid scintillation of the micrometer screw) of fresh acid rinse arc drawn into the

counting. I describe here a simple procedure using an unmodified capillary and chamber b.

Scholander 0.5-mi gas analyzer (7) for determining total dissolved 5) The acid remaining is removed front a with suction or a

CO in small volumes of fluid. All of the sample may then be syringe and a small amount of CO.: absorber is delivered witli

recovered for counting of radioactivity, thus allowing specific a hypodermic syringe into the dtle,,ession around the top of the

activity determinations on the same sample. As little as 0.020 capillary protruding into a.

(f0.004) jmoles and as much as 5.00 (-4-0.05) imnoles may be 6) Stopcock S-I, fitted with a I5.0-ml dislposable glass syringe

analyzed in samples as small as accurately measurable up to barrell filled with ascarite or baral-mc, is then placed open in
100 Al. Thus a range in concentration of 10' can be analyzed and the to0) of a.
specific activities as low as 10-- me!mmole determined on 0.020 7) The top of the acid is then adjusted to the capill'yi ,hark,
Mmoles of CO0. and the micrometer readjusted to zero.

8) The chamber is then shaken to absorb any C0- in a into

PRINCIPLE the small volume of alkali placed there in step 5, and 2,(HX) mi-
crometer divisions (40 turns of the micrometer ssr.wI of (,O-

The method involves extracting the dissolved CO2 from a known free air are drawn evenly into chamber b, ejected back through
volume of acid solution into a known volume of COo-free air. chamber a, and then drawn back into b again. This assures (C0.-
The CO0 is then reabsorbed, the volume change recorded, and free air in chamber b. (Therle are alternative wasys to insure that
aliquots of the trapped CO0 contained in a known volume of CO_-free air is drawn into chamber b. The procedntc used here
solution can be counted in an ion chamber or liquid scintillation was developed in order to lcavc the apparatus free for conventional
counter, the latter providing the most sensitivity. Since both gas analysis.)
liquid and gas phase volumes are accurately known, empirical 9) S-I is then gently removed from a and a small drop of acid
corrections for extracted CO2 may be determined for any particular placed inside the capillary with a hi.ipoderisic syritge asd a no. 21
set of conditions. (or smaller) needle.

10) The alkali is removed with suction fromt a a fi thc laiter
PROCEDURE is rinsed twice with the acid rinse to assure that no (C, previoui~l\

trapped in alkali enters chamber I).
Familiarity with the apparatus, as detailed in the original 11) Chamber a is next hilled to several nmillitteters above the

paper (7) is assumed in the follorwing procedure, which uses the top of the capillary with acid which is then drasnsi whitl thIn'
original reagents. For CO2 in strongly alkaline samples, as in micrometer screw down to the piccolyte cinqtine (7).
CO traps, different strength reagents must be used. This was found 12) The sample is now delivered as lio\s it in Iiv. I on to the
practical, subject to the requirements of having the water-vapor top of the mercury in 1. During satnle deliver% the acid iit a is
tension of acid and alkali exactly matched and the need for more maintained just at the junction of chailltt' Ih and the capillary
time to dissipate the larger amount of heat of neutralization by adjusting the thsicrorseter. .\ftet lhi\i, tIe syiinge is Iv-
following addition of the alkali. The original reagents (7) are moved, the acid level slowIl and es-ch tilt ed sip aiiiost to
well suited to analysis of physiological strength solutions and chamber a, and excess acid rettised h'aving iII tihe capillarv a
natural waters and are used in the method as it is described here. reference drop which is nto aditts.rd 14 to the inark (art.e should
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be taken doring t11, ,tep to plrvent acid from flowing past the correction factor B will differ from that determined from Fig. 2,
coating into catnlier i), pattictlarlv during the next step when .rI and B.
introxlucio, tilh. ,aop I hI total %olhune of solution will be made 13) S-I is now replaced on a, closed, and the analyzer is shaken
op of tile it itial xohlihllni 5a(1id, Sllt ainlte volume, aod the alkali. for 2.0 min to assure maximum CO2 extraction, during which
If exceS, ac'id ij aides) acLcidt'naIlll, dturinrog Sample addition the time the reference drop is maintained approximately at the

mark with the micrometer screw.
14) After extraction the reference drop is gently lowered to the

coating to pick up any drops of acid shaken free during extraction
and then readjusted to the mark. This is repeated until the mi-
crometer reading is constant. This reading is then accepted as
%'I. A small hand lens is necessary for reading the micrometer
with maximum ensitivity. This reading most critically deter-
mines the accuracy of the analysis. A dirty capillary will prevent
reliable analysis of small quantities of CO.. The reader is referred
to discussion of these factors in the original paper (7).

15) The analyzer is next tilteos gently to admit from c into b
a volum- of CO2 absorber approximating that of the extracted
solution.

16) The analyzer is then shaken for 30 see, again maintaining
the reference drop at the mark using the micrometer screw.

17) Finally, the reference drop is lowered to the coating, slowly
raised back to the mark andI V. read from the micrometer.

When it is desired to recover t4CO 2 for determination of radio-
activity, it is necessary to measure the total volume of solution
in chamber a. This is (lone as follows. The gas phase is ejected
(S-2 in position I), and the gas/liquid miniscus is set to the mark.

Flo. 1. Scholander 0.
5

-nid gas analyzer, showing introduction
of sample with Hamilton syringe placed through acid (400 nil water,
1.00 ml coned H.SOj, 72 g NaS•04, 21.0 ml glycerol) in the ther-
mobarotieter chamber a, into CO2-free air-filled chamber b. Black
arrow shows tip of needle; white arrow shows 5

.0-ml glass syringe
barrel filled with baralytie and attached to S-I for CO 2 absorption
during the filling of b; c denotes C0 2 absorber (100 inl H 2•O, 11 g
KOH, 40 mg K 2Cri.Os); I is the leveling bulb which is connected
to the analyzer through S-2. Stopcock S-2 positions shown at lsw,:r
left. Spring-steel wire clips, fashioned so as to continually apply
pressure to the rubber stoppers on each side of the glass, are shown in
position. These improve accuracy by reducing elasticity. Further
details should be sought in ref. 7.

€° .
vws. 2 .4. chaniges iiiun s m icreer readings

- V (odinate) "B" associated with inl-

creasintg samnple size sa,,,ta) when caried out 0
with C(O) -free sattinplex. This reflects water va- 10

por ti-ision changes ciused by dilutit•g the acid
with sample. The analysis is improved to the 0'
extent that this correction is niiniitized. B.: Wu

perceiltage" of ('()-. uncxtractet E,, ',rdinatr) 0 I0 20 ,0 40 -50 1a 9 a 1plotted against different geas liquid ratios (ib- SAMPLE VOlUME IOi) RATIO FINAL GAS VOLUMt
irssa) correspondintg to a saiiipl" %ohunie ratnge LIQUO VOLUME
of 1.0) -ittt 5 , determiined by extractintg known
amounts of oC(0(). for 2D) ini. ejecting the teas S
ph;Le aiid coon tintu the radioactisity re:lnain- 0 4 -
ieg in the acid. C. xitecifCo ext:' tojt~

(C). in ý2l-tul samiple froni acid carried otist as
described above iordinate, total counts retm ain- o } . !ji
ig, , qbwmisa. tiille I),1 total C()•. itn satlnples z * 97% .
aii.-tcd r.prex.edt as percent I ,aIite) plot-
ted 't1 ainst lotEZ f total (C(02 in Samt.ple Gib- r
lltwlm. iach valoe iIlcoluirtedi with equatioit
shu•n-i in text rising rll'rections B Ei.lI.,, taken -
front graphs .I anI B. Dlo ltie, linle shows d-,

reat ii• stIindrd detIvition wit h intrei Lint L 3%
tolt l .1l olint if C( )Z ) I i ,i ' l.

'0 30 Ito 10 020 CO 200 0,o 200
EXTRAIC•;O TOPE (StCONDS1 is C02 WOldesl
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TABLE 1. Total CO 2 in whole blood volume ratio \ - V1 ) is calciulated andI thne ptercent of
_____________________________ C0 2 unextractitt, E,,, readi off tlln2 ordIinate in Fig, 21B. This. curve

Van Slyke Scholander 0.5 Ind is determined osing tIne( above proceduire to extract, from dillereint
samnple volttnwe,, aI knovwn amount of radioactive 1KC( , rapidly

Blood ITotal c),. Blood sol, Total to,, ejectinig the gas phase and determining the residual radioa(ti\-tiv l
vot, ml] M~q/liter #1 rnktiliter after a 2.0-mmi ex traction ( Fig. 2C). hein asxiituntn (01tilt10 hmI
S.00 E,, . 2 found with a 10 0

.*
1 j.M1 sample of 0(93.58 m NaHC(O3 was50

1 .00 22.0 jO.8 20 'Ihis correction should be determined or) soluttions approx\imtatinlg
10.8 19 the ionic strength anti alkalinity Of thle samplie to be atialvzed.

I 10.8 22 11 tledstribtution law holds that wit tn emperatuire, and Iim iiii'
10.8 23 and gas volumes held constanit thle mass ratio of gas in the liquic

and gas phsesa~ is independent of p~ressure. Hlowever, the C( )
X = 21 .9 IX=20. 1 soltibiljtv of tin, liquid phase will ch ange wsith the volume antI

= El .8 comnpositions of tine sample. 1line ranlge of salts's of E., shown
______________- ____________t - in Fig. 2B covers a samp~le volume range of I -IfX) ;LI of samples

micrmetr scew s st exctl at whose alkalinity reaches 50 inEq liter.
With S-2 in position 11, the mirmtrsrwi e xcl t Figure 21) shows the mean and standard deviation, expresised
1,000.0 or another high reading (V.), and with S-2 in position I aspreto 0aaye aho ncreasinng ainounits of (X)2 in
the solution is driven up into a (which must first be dried with a ecno 0aaye aho

sucion unil he iqud jercrv uncionis t te mrk.The samples ranging in ctoncentration from 0.4 to 45.8 mms. fin eachsucion unil he iqud/mrcuy jncton s a th mak. he case thle values have been corrected with valsnes of B and E.
micrometer is then read, giving VI,. Aliquots of the solution taken from i-ig. 2, A1 and B, respxctivelv. Included in the 10
in a may now be taken for determination of radioactivity, and analyses of each amount Of (C02 on the abscissa of Fig. 21) are

the peciic ctivt ofthe~ deermiedsamples of different voltimes and concentrations. For example
All determinations of radioactivity in this technique were (lone whntalC0 ws0.2jmesmpevuesiedncdd

by evolving tise trapped C02 from acid into 0.20 mri of hydroxide 0.5 1u of 0.040 m NaHC0 3 and 50.0 pl of 0.AXXO4 m tNalfCO3 .
of Hyamine in a polyethylene diffusion, cup (Konte's Glass Co., Th ehdPs[e sdi tde fC. qiirto
Vineland, N.J.) and counting the entire cup its a toluene-inethia- in the swim bladder of juvenile sunfish, LqssW5miltegalotif (ttnpub,-
no] 15:2 cocktail withs a Beckman LS 250 counter. lished data). An additional advantage of thle method is that small

volumes of whole blood can be dlirectly analyzed as described
CALCULATIONS above, suggesting considlerably wider applications. [ able I

I-ise total amount of C0 2 in the sample is calctilated as follows: compares several analyses of one sample of human hieparinized
whole blood done withs the \'all Slvke and tiw Scholander 0.5-mI

;IMnDkS total CO2 (STP) _ (V. - V2 - B) x F 273 analyzer.
_ (100 - E0 ) 2i3 -+ C Reproductbtlity is lowered by blood, chiefly due to small

amounts of protein sticking to time capillary and changing the
where N*I and V-2 are the initial and final readings of the mt- distribution of forces on the reference drop. Ibis is largely elitni-
crotneter before and after CO 2 absorption, B is a correction, nated by thorouigh rinsing betwseen analyses. [he blood is well
empirically determined, which compensates for differences in thle brknu ligetacoadpoens eaueddrig
vapor tension of the acid,'sample solution and that of the alkali tlse acidl extraction appear to beconittmore solublel and le ss ad-
acco-,:ing to the volume of sample analyzed (Fig. 2A1), F is a hesive oil addition of thet alkali.
conversion factor (whmich is constant for any one apparatus and Obvious adlvanstages of the ntswtlsts, natswl. ihe portability
tempe~ratutre) whose units are (pLmoles) -(micrometer (liv-) at of thne appasratus, thle small satnlll size reqtuired, thle range of
S1'P, and E,, expresses tlw fraction Of (:02 unextracted at eqttn- cnesrtuswlelmyb tayt( ihil leIlrioii
librium (Fig. 2B). The value F is determnined by measuring the
volume, in micrometer divisions, of an accurately weighed tions (2, 8, 10), tmake it a tuseful hield method. IFor e'xampslle, 20
quantity of mercury (near 0.500 g) delivered into b with a Hamil- JAI of seawater hlave enotigh CO, to analyze at the( lower jitnit of
ton syringe. [Thus sensitivity (approximtnnely 0.040 ptnnolesl. Thils will allow- reliable

measurements of metabolic 11O- to be msade wimth small aqulatic

FaTe 2.6 wt of Hg delivered organisms in small volunmes of seawater or larger volsime of
2.6-(micrometer div).- (density Hg at T 00) fteshwater (6).

mg I thatnk D~r. Lee Rodkey, John O'Neal, atid Harold (lollisoll for
pIl-pmOhe-l(mg/plI) stanldardizing NaH-C.)m sol'ttiotls with the %'all Slyke .mppxratlis alnd

for analyses of the whole blood samlples, JIMN2 D. K. Wood for Iechmli-
A value of 0.0167 was determined in the present analyzer. C-or- cal assistance, Dr. E. MI. Neptutne for his encosuragemlent an~d interest,
rected for a temperature of 23 C, F decreased to 0.0154 pmnoles and Dr. Hugh Vail Liew for cotlsnucttive criticisml.
micrometer division. Cbontribution frontI the Bureau mmf Medicine anld Suarzetv,Y N.ivy

The liquid volume in microliters is determined as (V, - \'I,) .1.L, Departmlent, Rese-arch Task MR(KY05,0)4.0l 1i. Thev Opinlions ex.,press-ed
where V. and VIm, are the initial and final readings, respectively, here are those of the author atid (t)t tnot Ilecessarily rellect the \viws of
of thle micrometer dtiring ejection of the liquid phase, and 1, the Navy De-partlllett tsr the na\aval serv ice at ltrgc.
is the volume calibration factor of tlse system (in units of mmil Autotsr's present address: VirgntiasMtsl Research Center, 11")0
div-

1 
wt Hgj(denaity Hig X micrometer divisions). Knowing the 'Seneca St., Seattle, Wash. 981111.

volume of the liquid prior to absorption Of C02, thle gas/liquid Received ftor publsication 26 NMay IW7O.
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